ABSTRACT: A 2-yr pen experiment was conducted using 12 different crossbred Angus steers each year to determine if short-term changes in prolactin concentrations, body temperature, and vasoconstriction reflect recovery from fescue toxicosis after steers that previously grazed toxic endophyte (Neotyphodium coenophialum)-infected Kentucky 31 tall fescue [Lolium arundinaceum (Schreb.) Darbysh] are placed on nontoxic feed. Groups of 6 steers from toxic endophyte-infected and endophyte-free tall fescue grazing treatments were blocked by BW for assignment to pens as a randomized complete block design with 2 replications. Two environments were implemented by initiating the experiment on 18 August in yr 1 and on 8 September in yr 2 for durations of 30 and 21 d, respectively. Rectal temperatures were recorded, jugular blood was collected for assaying serum prolactin, and cross sections of the caudal artery were ultrasonically imaged at selected time points to evaluate temporal changes in the response variables. Rectal temperatures in steers on the toxic endophyte pasture treatment declined (P < 0.05) linearly over time in yr 1 and 2 and were similar (P > 0.10) to those on endophyte-free treatment on d 30 in yr 1 and by d 15 in yr 2. Prolactin concentrations in steers on the toxic endophyte pasture treatment showed curvilinear increases (P < 0.05) over time and were similar (P > 0.10) to steers on the endophyte-free treatment by d 15 in yr 1 and by d 10 in yr 2. Luminal areas of the caudal artery in toxic endophyte steers were less (P < 0.05) than those in endophyte-free steers across all dates in both years. Results indicated that rectal temperatures in steers after they are removed from toxic fescue may decrease over time, but temporal changes in rectal temperatures could be affected more by prevailing ambient temperatures than by actual mitigation of fescue toxicosis. Prolactin concentrations in steers after they are removed from toxic endophyte tall fescue can increase and stabilize in less than 2 wk, but alkaloid-induced vasoconstriction that causes a vulnerability to severe heat stress is not alleviated within 30 d.
INTRODUCTION
An endophytic fungus (Neotyphodium coenophialum) found in tall fescue (Lolium arundinaceum) plants produces ergot alkaloids that cause fescue toxicosis in cattle. Symptoms of toxicosis are rough hair coats during the warm season, elevated core body temperatures, labored respiration, decreased prolactin concentrations, and poor animal performance (Hemken et al., 1981; Schmidt and Osborn, 1993) . Elevated core body temperatures are a result of the binding of ergot alkaloid toxins to biogenic amine receptors to restrict blood flow through the peripheral vasculature (Oliver, 2005) and thereby impair the animal's ability to dissipate body heat. Consequently, cattle consuming ergot alkaloids suffer from severe heat stress in the presence of high ambient temperature and humidity (Spiers et al., 2005; Strickland et al., 2009 Strickland et al., , 2011 . Aiken et al. (2009b) reported a vasoconstrictive response by the caudal artery of toxic endophyte-infected tall fescue-naive heifers in 51 and 27 h following initiation of feeding diets containing 0.4 and 0.8 μg ergovaline/g DM, respectively. Although the vasculature of cattle demonstrates sensitivity to ergot alkaloid exposure, clearance rates of alkaloids from the vasculature following short-and long-term exposures to ergot alkaloids have not been determined. Studies have shown color Doppler ultrasonography can be used as a research tool in determining alkaloid-induced vasoconstriction in cattle consuming toxic endophyte-infected fescue (Aiken et al., 2007 (Aiken et al., , 2009a . An experiment was conducted during midsummer in yr 1 and in late summer in yr 2 to evaluate short-term, carry-over effects of fescue toxicosis on steers after they were placed on ergot alkaloid-free diets. The hypothesis was that, following placement of steers on ergot alkaloid-free diets that were conditioned to grazing endophyte-infected fescue pastures, certain measureable symptoms of toxicosis (elevated rectal temperature, low serum prolactin, and vasoconstriction of the medial caudal artery) would be alleviated over time and would stabilize to measures comparable to steers conditioned to grazing endophyte-free tall fescue.
MATERIALS AND METHODS
An experiment was conducted in 2008 (yr 1) and 2009 (yr 2) at the University of Kentucky's Oran C. Little Animal Research Center in Woodford County. Crossbred Angus steers, 12 to 14 mo of age, were used in the experiment. The experimental protocol was reviewed and accepted by the Institutional Animal Care and Use Committee at the University of Kentucky (2008-0289) . Hourly ambient temperature and relative humidity data were collected from a National Weather Service Station located approximately 13.5 km from the experimental site. Heat indices for mean daily ambient temperature and relative humidity were calculated as described by Tarazon-Herrera et al. (1999) .
Steers used in the experiment were subgroups of steers used in a 2-yr grazing experiment that evaluated Kentucky 31 tall fescue infected with the toxic common endophyte and endophyte-free tall fescue, which was an accession (KYFA9301) that was collected from a population of Kentucky 31 plants. For the grazing experiment, pastures were grazed from May 6 to July 23 (76 d) in 2008 and April 2 (84 d) in 2009. Each pasture was grazed by 4 tester and put-and-take steers to maintain forage mass at 2,500 ± 250 kg DM/ha. Design and other management procedures are described by Johnson et al. (2012) . At the conclusion of the grazing experiment in each year, tester steers that had grazed toxic endophyte (n = 6) or endophyte-free (n = 6) tall fescue were each assigned to 2 subgroups (n = 3/subgroup), such that mean BW was similar between subgroups. Each subgroup was randomly reassigned to 1 of the treatment pastures the steers had been assigned in the grazing experiment. Between the grazing experiment and start of the pen experiment, lateral saphenous veins in steers were biopsied for each of the 2 subgroups to determine contractile responses of veins exposed to ergotamine between steers grazing each of the tall fescue treatments . Steers from each treatment group were biopsied on separate days during the periods from July 31 to August 12, 2008, and July 20 to August 6, 2009 . Following each biopsy, the steers were penned and fed a nontoxic diet (corn silage and ground soybean hulls) for a 3-d recovery and then were placed in their previously assigned pasture. Although there could have been some recovery from toxicosis during the 3-d recovery period (Aiken et al., 2001 , the steers were placed back on their treatment pastures to provide enough exposure time to ergot alkaloids to likely nullify any recovery facilitated by the 3 d they consumed ergot alkaloid-free diets (Aiken et al., 2007 (Aiken et al., , 2009b .
The experiment was initiated on August 18 in yr 1 (initial BW = 404 ± 29 kg) and on September 8 in yr 2 (initial BW = 386 ± 46 kg). The 2 dates for each year were purposely set in an effort to establish 2 different environments. The 2 subgroups for each treatment that were assigned to steers following grazing and before biopsies were randomly assigned to 2 large pens as a randomized complete block design with 2 replications; hence, each pen contained 3 steers from previously grazed toxic endophyte-infected and endophyte-free fescue grazing treatments. Steers were treated on the first day of the experiment with moxidectin dewormer (Cydectin, Fort DodgeAnimal Health, Fort Dodge, IA). Pens had concrete floors and were partially covered in a 3-sided barn. Steers were fed free-choice corn silage and 2.3 kg soybean hulls (fresh weight) daily.
All sample and data collections on steers were initiated at 1300 h on each collection date. Rectal temperatures were recorded using a TM99A Cooper-Adkins digital thermometer (±0.2°C accuracy; Cooper-Atkins Corp., Middlefield, CT) on d 0, 2, 4, 7, 9, 11, 15, 17, 21, 23, 28 , and 30 in yr 1 and on d 0, 2, 3, 6, 7, 9, 13, 14, 15, 16, 20 , and 21 in yr 2. Approximately 10 mL of blood were collected from the jugular vein of each steer on d 0, 2, 4, 7, 9, 11, 15, and 17 in yr 1 and on d 0, 3, 6, 9, 13, 15, and 20 in yr 2. Blood was centrifuged for 15 min at 10,000 × g (20°C) to obtain serum, which was stored frozen (-20°C) and subsequently assayed for prolactin following procedures of Bernard et al. (1993) . The intraand interassay CV of prolactin samples collected in yr 1 were 10.0% and 12.0%, respectively, and the intra-assay CV of samples collected in yr 2 were 6.8%.
Color Doppler ultrasound measures were taken on d 2, 23, 28, and 30 in yr 1 and on d 2, 7, 14, and 21 in yr 2. Cross-sectional scans of the caudal artery at the fourth coccygeal (Cd4) vertebrae were measured using a Classic Medical TeraVet 3000 Ultrasound Unit (Classic Universal Ultrasound, Tequesta, FL) with a 12L5-VET (12 MHz) linear array transducer set to a 2-cm depth. Cross-sectional luminal area in the caudal artery was averaged from 5 B-mode images that were taken with a pulse frequency of 5.0 MHz. The flow signal was used to estimate luminal area following procedures described by Aiken et al. (2009a) .
Steer responses were analyzed using mixed models (SAS Inst. Inc., Cary, NC). Subgroups within pens were used in all statistical analyses as the experimental unit. For all response variables (rectal temperature, serum prolactin, and luminal area of the caudal artery), year effects were analyzed as the main-plot component (error a = replication × year), pasture treatment as the subplot treatment (error b = replication × pasture treatment within year), and days on nontoxic diet (DNTD) as the sub-subplot treatment (error c = residual error). Replication and the replication × treatment interaction were evaluated as random effects. Days on nontoxic diet was analyzed as a continuous variable (linear, quadratic, and cubic regression coefficients), and year and pasture treatment were evaluated as discrete variables (Freund et al., 1986) . Data were analyzed as repeated measures using the spatial power covariance structure (Littell et al., 1996) . Linear, quadratic, and cubic regression coefficients for DNTD were evaluated to determine temporal trends in the response variables. Years were analyzed separately if there was heterogeneity of slopes (Freund et al., 1986) between years. For significant (P ≤ 0.05) heterogeneity of slopes (i.e., regression coefficients) between pasture treatments, least squares means for treatments were compared at each 5-d interval of DNTD using the PDIFF option of SAS. A 5-d interval was used to allow consistent intervals of time before which carry-over effects of toxic endophyte-infected tall fescue diminished and responses stabilized to those similar to the endophytefree pasture treatment. The least squares procedures used with regression models do not require that differences be determined at DNTD that correspond with those when responses were measured (SAS Inst. Inc.). Models containing only interactions between treatments and regression coefficients were analyzed to determine significant (P ≤ 0.10) linear, quadratic, and cubic regression coefficients for each pasture treatment (Littell et al., 1996) .
RESULTS AND DISCUSSION
Infection percentages for the toxic and nontoxic fescue pastures that were grazed before the experiment averaged 66.8% ± 4.1% and 2.8% ± 2.8%, respectively . Endophyte infections ≥22% were reported by Fribourg et al. (1991) to elicit symptoms of toxicosis in beef cattle. Steers grazed on endophyte-infected tall fescue exhibited classic symptoms of fescue toxicosis (Strickland et al., 2011) at the conclusion of the grazing experiment in both years. Mean skin/rectal temperatures for steers grazed on toxic endophyte-infected tall fescue (40.3°C/37.2°C) were greater than for those on toxic endophyte-free pastures (39.8°C/36.4°C), and serum prolactin concentrations in steers grazing toxic endophyte-infected pastures (82 ng/mL) were reduced compared to those grazing endophyte-free tall fescue (194 ng/mL).
Mean daily temperature over the 30-d experimental period in yr 1 was 23.6°C ± 2.8°C, with mean minimum and maximum daily temperatures of 17.7°C and 29.8°C, respectively, whereas over the 21-d period in yr 2 the mean daily ambient temperature was 19.8°C ± 2.4°C, with mean minimum and maximum daily temperatures of 15.6°C and 24.5°C, respectively. Temperature-humidity indices in yr 1 averaged 71.3 ± 3.5, and the mean minimum and maximum daily indices were 63.6 and 75.5, respectively; mean indices in yr 2 averaged 66.7 ± 4.1, and the minimum and maximum indices were 60.6 and 69.6, respectively (Fig. 1) . The highest mean daily ambient temperature and temperature-humidity index were recorded on d 14 in yr 1 and on d 15 in yr 2, and the lowest mean temperature and index, and therefore the least thermally stressed, were recorded on the final days of the experiment in both years.
Rectal Temperature
Rectal temperatures at the initiation of the experiment (0 DNTD) in both years were greater (P < 0.001) in steers grazed on toxic endophyte tall fescue pastures than in those grazed on endophyte-free pastures (Fig. 2 ). This agrees with Johnson et al. (2012) , who reported that rectal temperatures averaged over measurement dates and years for the grazing experiment were higher for steers grazed on toxic endophyte fescue (40.3°C) than those on endophyte-free fescue (39.8°C). Therefore, rectal temperatures on the day steers were removed from pasture treatments were consistently elevated in steers grazing toxic endophyte tall fescue pasture compared to those grazing endophyte-free tall fescue pastures.
Rectal temperatures were analyzed separately for each year because of a 3-way interaction (P < 0.001) between DNTD, year, and pasture treatment. Rectal temperatures in steers grazed on toxic endophyte pastures declined linearly in the first (Y = 39.9 -0.02 DNTD; P < 0.001) and second (Y = 39.9 -0.04 DNTD; P < 0.001) years, but rectal temperatures in endophyte-free steers did not change (P > 0.31) over DNTD in either year (y intercept in both years was 39.3°C). Rectal temperatures of toxic endophyte steers in the first year were greater (P ≤ 0.001) than those of endophyte-free steers at each 5-d interval from 0 to 25 DNTD and were similar (P = 0.34) to endophyte-free steers at 30 DNTD. For the second year, rectal temperatures of toxic endophyte steers were greater (P < 0.05) than those of endophyte-free steers at each 5-d interval from 0 to 15 DNTD and were similar (P ≥ 0.27) to endophyte-free steers for the remaining DNTD.
The extent that the vasculature of cattle is saturated with ergot alkaloids would likely have a major influence on recovery of rectal temperatures after cattle are placed on nontoxic diets. Johnson et al. (2012) reported that ergovaline plus its stereoisomer was 0.29 ± 0.09 and 0.54 ± 0.04 g/kg DM for samples of toxic fescue tillers collected on June 10, 2008, and June 8, 2009, respectively. This would indicate the fescue was less toxic in 2008 when there were lower recovery rates in rectal temperature; however, Johnson et al. (2012) cautioned that these were single-point-in-time measures that likely did not reflect the maximum ergovaline and ergovalanine concentrations that were achieved in either year.
Prevailing ambient temperature also affects the rectal temperature of cattle (Cole, 1993) . Although rectal temperatures were collected during the early afternoon when maximum high air temperatures are often recorded, the disparity in mean daily temperatures between the 2 yr could have been an influencing factor in the different rates that rectal temperatures recovered. In yr 1, with high ambient temperatures and temperature-humidity indices relative to those in yr 2, rectal temperatures of toxic endophyte steers were high for almost the entire duration of data collection, but rectal temperatures were similar between pasture treatments by d 30, the final day of monitoring. Steers in yr 2 were removed from pasture treatments during milder temperatures and lower temperature-humidity indices. Similar to yr 1, rectal temperatures of toxic endophyte steers declined linearly, but the decline during these milder conditions was more rapid, which resulted in their rectal temperatures being similar to the endophyte-free steers pasture by 15 DNTD. Higher temperature-humidity indices in yr 1 may have resulted in a differential between skin and air temperatures that was too low to provide effective body heat dissipation, whereas a wider differential caused by the lower temperature-humidity indices in yr 2 could have improved body heat dissipation even in the presence of peripheral vasoconstriction. Aiken et al. (2001 Aiken et al. ( , 2006 Aiken et al. ( , 2008 found rapid recoveries from elevated rectal temperatures and reduced prolactin concentrations after cattle that had grazed on toxic tall fescue pasture were placed on nontoxic diets. However, these experiments were conducted without an endophyte-free comparison and during milder, less stressful ambient conditions. Aldrich et al. (1993) reported no differences in rectal temperature between steers consuming toxic endophyte-infected and noninfected tall fescue with a constant ambient temperature of 22°C, but rectal temperatures with a constant ambient temperature of 32°C were elevated in steers consuming endophyteinfected diets compared to those consuming endophyte- Figure 2 . Relationships between rectal temperature and days on nontoxic diets (DNTD) in steers after they had grazed toxic endophyte and endophyte-free tall fescue pastures in (A) yr 1 and (B) yr 2. Probability values are provided below the regression lines for differences between least squares means for pasture treatments. Observations are averages of the replications. free diets. Spiers et al. (2012) reviewed results of experiments conducted in environmental chambers that imposed heat challenges followed by thermoneutral conditions on cattle consuming toxic fescue endophyte-infected or endophyte-free seed. Rectal temperatures in cattle consuming the toxic tall fescue seed diet were elevated during the heat challenges but declined to temperatures similar to cattle consuming the nontoxic seed diet after the cattle were switched to thermoneutral conditions. Spiers et al. (2005) concluded that heat stress in cattle grazing toxic endophyte tall fescue occurs at lower ambient temperatures than in those grazing endophyte-free tall fescue. Results of a grazing experiment conducted by McClanahan et al. (2008) indicated that the rough-hair coats of fescue cattle during the summer can insulate the elevated core body temperatures and that there also is a reduction in the sweating rate by fescue cattle as air temperatures increase in the late spring. A possibly reduced sweating rate as air temperatures rise for cattle undergoing fescue toxicosis would exacerbate their inability to thermoregulate core body temperature. Core body temperatures of cattle with alkaloid-induced fescue toxicosis could also be more sensitive to stressful environments, such as animal-handling facilities, and could be elevated independent of ambient temperature conditions. Moving pastured cattle with minimal previous handling to pens and cattle-handling facilities could impose the stress necessary to elevate core body temperature, but handlinginduced stress is likely of short duration as cattle become acclimated to handling. It would appear that the reliability of rectal temperatures as an indicator of fescue toxicosis will depend on the prevailing air temperature.
Vasoconstriction of the Caudal Artery
Luminal areas of the caudal artery did not differ between the 2 yr, and there were no interactions (P > 0.156) among years, pasture treatments, and regression coefficients. Further, there were no relationships (P ≥ 0.111) with DNTD for either pasture treatment (Fig. 3) . There was, however, a tendency (P = 0.113) for luminal areas in steers that had grazed toxic endophyte tall fescue to increase linearly over DNTD. Averaged over years and DNTD, luminal areas in steers grazed in endophyte-free pastures (9.2 ± 0.6 mm 2 ) were greater (P < 0.05) than those grazed in toxic endophyte pastures (5.7 ± 0.7 mm 2 ). Therefore, caudal arteries in steers that had grazed toxic endophyte tall fescue were indicated to remain constricted over DNTD in both years, compared to those that had grazed endophyte-free fescue. These observations support the evidence that reductions in rectal temperatures over DNTD by steers that had grazed toxic endophyte tall fescue were related to environmental conditions and not to increases in blood flow to the skin via relaxation of the peripheral vasculature.
Prolactin Concentrations
Serum prolactin concentrations at the initiation of the experiment in both years were greater (P < 0.001) in steers grazed in endophyte-free pastures than those grazed on toxic endophyte pastures (Fig. 4) . Results of the grazing experiment demonstrated 2-fold greater serum prolactin concentrations in steers grazed on endophyte-free pastures than those grazed on toxic endophyte pastures . Years were analyzed separately because of a year × DNTD interaction (P = 0.01). Prolactin concentrations in yr 1 showed quadratic changes over DNTD in endophyte-free (Y = 99.9 + 8.6 DNTD -0.7 DNTD 2 ; P < 0.001) and toxic endophyte (Y = 24.7 + 11.8 DNTD -0.6 DNTD 2 ; P = 0.014) steers. In yr 2, there were quadratic increases in prolactin concentrations for toxic endophyte steers (Y = 16.7 + 8.5 DNTD -0.3 DNTD 2 ; P < 0.001), but there were no changes (P = 0.479) in prolactin concentrations of endophyte-free steers. Curvilinear increases in prolactin concentrations of toxic endophyte steers in yr 1 and 2 resulted in their concentrations being similar (P > 0.10) to those of endophyte-free steers at 15 and 10 DNTD, respectively.
Rapid increases in serum prolactin concentrations over DNTD in toxic endophyte steers are consistent with other experiments (Aiken et al., 2001 (Aiken et al., , 2006 . Binding affinities of ergot alkaloids to D-2 dopamine receptors of the anterior pituitary (Sibley and Creese, 1983) may be less than the affinity that ergovaline has been shown to have to biogenic amine receptors in peripheral vasculature (Oliver et al., 2005; Klotz et al., 2009) . Curvilinear increases in prolactin concentrations in endophyte-free steers over the first 10 DNTD in yr 1 were unexpected; however, there is a positive relationship between prolactin concentrations and plane of nutrition (Petitclerc et al., 1983) , and the nutrition of steers grazed on toxic endophyte-infected tall fescue could have been enhanced after they were switched to the silage-concentrate diets. Drier weather in 2008 may have placed more limits on forage availability between the time between grazing and pen experiments in 2008 than in 2009. This period of the summer is when there is typically a slump in the growth of tall fescue; however, forage availability was not visually observed to be severely limited in either year.
Results of the experiment indicated that declines in rectal temperatures in cattle following destocking of toxic endophyte-infected tall fescue pastures and their placement on nontoxic diets can be associated with prevailing moderate to low ambient temperatures and acclamation to being handled rather than from relaxation of vascular constriction. The luminal areas of the caudal artery in steers removed from toxic endophyte-infected tall fescue remained low over the 21-and 30-d durations compared to those removed from endophyte-free and the 2 nontoxic endophyte-infected pastures. Therefore, cattle exhibiting fescue toxicosis remain vulnerable to severe heat stress for a minimum of 30 d after they are removed from toxic endophyte tall fescue pasture. Longer-term postgraze assessments will be needed to determine if ergot alkaloids can clear from the vasculature to elicit relaxation and increased blood flow to peripheral tissues. Prolactin concentrations in steers grazed on toxic endophyte-infected fescue indicated a recovery in 10 to 15 d compared to those of steers grazed on endophyte-free tall fescue. This is promising, but this aspect of recovery from toxicosis, as previously discussed, is associated with binding of ergopeptines to D-2 receptors of the pituitary and is not related to the binding of serotonin and adrenergic receptors of the vasculature that induce vasoconstriction. Results indicated that alkaloid-induced vasoconstriction may take greater than 30 d and that vasculature recovery from toxicosis can be more accurately determined from direct measures of artery lumen areas using color Doppler ultrasonography. Longer-term experiments are needed to determine if, and at what rate, ergot alkaloids can clear from the vasculature of cattle after they are removed from toxic endophyte-infected tall fescue and placed on nontoxic diets. Figure 4 . Relationships between serum prolactin and days on nontoxic diets (DNTD) in steers after they had grazed toxic endophyte and endophytefree tall fescue pastures in (A) yr 1 and (B) yr 2. Probability values are provided below the regression lines for predicted differences between least squares means for pasture treatments. Observations are averages of the replications.
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